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ABSTRACT 

We present a comprehensive spectral-timing study of the black hole candidate MAXI J 1659- 
152 during its 2010 outburst. We analysed 65 RXTE observations taken along this period 
and computed the fundamental diagrams commonly used to study black hole transients. We 
fitted power density and energy spectra and studied the evolution of the spectral and timing 
parameters along the outburst. We discuss the evolution of the variability observed at different 
energy bands on the basis of the relative contribution of the disc and hard components to the 
energy spectrum of the source. We conclude that hard emission accounts for the observed fast 
variability, it being strongly quenched when type-B oscillations are observed. We find that 
both disc and hard emission are responsible for local count-rate peaks until the system reaches 
the soft state. From that point, the peaks are only observed in the hard component, whereas 
the thermal component drops monotonically probably following the accretion rate decrease. 
We have also computed time-lags between soft and hard X-ray variability confirming that 
lags are larger during the hard-to-soft transition than during the hard state. 
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1 INTRODUCTION 

Black hole X-ray transients (BHT) spend most of their lives in 
quiescence, displaying luminositi es too low to be d etected by 
X-ray all-sky monitors (see e.g., iGarcia et al.l Il998l) . They are 
discovered during outburst events in which their X-ray luminosity 
increases by several orders of magnitude and their spectral and 
time variability properties change with time. This leads to the 
definition of the so-called 'states'. There is st ill much discussion 
about how m any different states there are ( Ivan der Klisl 120061; 
iBellonil I2OI0I for recent reviews), but X-ray observations have 
made clear the presence of a hard state (historically known as 
low/hard; LHS) at the beginning of the outburst, which evolves 
towards a soft state {high/soft; HSS). The LHS is also observed 
at the end of the outburst and it is characterized by a power-law 
dominated energy spectrum with a power-law index of ~ 1.6 
(2-20 keV band). This power-law component is though to arise 
from a 'corona' of hot electrons, where softer seed photons coming 
from an accretion disc are up-Comptonized (e.g., Gilfanovl Ebia 
for a review). Com pact radio jets are observed during the LHS (see 
e.g.. lFendenl2006h and synchrotron emission could also account 
for the high energy emission during this stage of the outburst 
dMarkoff etafl feoOl). Aperiodic variability with a fractional root 
mean square amplitud e (rms) above 30% is a l so see n. It is almost 
energy independent ( Gierlinski & Zdziarski] 2005b and sharply 
correlated with flux I Gleissner et al.l 2004 : Mufioz-Darias et all 



l20H . 

The high energy spectrum softens during HSS since a thermal 
disc black-body component becomes dominant. The rms drops 
below 5 per cent and a much more scattere d rms-flux correlation 
is observed (see iMufioz-Darias et at] l201ll for the evolution of 
the long term rms-flux relation along the outburst). The situa- 
tion is more complex in between these two 'canonical' states. 
A hard-to-soft transition at high flux is generally observed on 
relatively short time scales (hours/days) as compared to those seen 
for the canonical states (weeks/months). During this transition, 
both timing and spect ral properties change dram atica lly, leading to 
'interm ediate' states. Homan & Bellqnj d2005h and iBelloni et al.l 
(2005) identify two additional states, the hard-intermediate state 
(HIMS) and the soft-inter mediate state (SIMS) based on spectral 
and timing properties (s ee Iwiinands et al.l 19991 ICasella et alj2004l 
and lCasella et alj|2005l for different types of quasi periodic oscil- 
lati ons (QPOs)). In this paper we w ould follow this classification 
(se elMcClintock & Remillarcj 120061 for an alternative classification 
and lMotta et al. 2009 for a comparison). The count-rate drops con- 
siderably during the HSS and a final soft-to-hard transition towards 
quiescence is usually observed. Whereas the main properties of the 
LHS and HSS are known and have been studied in many sources 
finding a relatively homogeneous behaviour, the study of the whole 
outburst evolution and state-transitions has proven more elusive 
and very different behaviours have been reported depending on the 
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system. 

MAXI J 1659- 152 was discovered in dependently by 
Swift/BAT (GRB 10 0925A; lMangano et ali20ld) and MAXI/GSC 
dNegoroetai]|2010l) on Septembe r 25, 2010. A v a riable optical 
counterpart was soon d etected dMarshalll 1201 Ot Ijelinek et al.l 
l20ld : lRusselletal.ll2010h . showing broad, double-peak emission 
lines (FWHM ~ 2000 kin s" 1 ) typical of accreting binaries 
dde Uearte Postigo et alj|20ich . The source was detected in radio 
with a linear polarizati on level of ~ 23% dvan der Horst et al.l 
l2010l) . s ubmillimetres ( de Ugarte Postigo et al. l2010bh and near 
infrared dD'Avanzo et al.l |2010|) wavelengths. At high energies 
MAXI J1659-152 was also observed by the Rossi X-ray timing 
explorer (RXTE) and t he XMM and IN TEGRAL observatories 
dKuulkers etal] l20ld : IVovk et alj l20ld) . RXTE observations 
performed 3 days after the discovery revealed strong similarities 
with the typical timi ng properties of BHT during the HIMS 
dKalamkaret alfe oiO) indicating that MAXI J1659-152 is a black 
hole candidate. This was confirmed by the subseque nt transitions 
to the SIMS and HSS observed on October 12 dBelloni et ail 
l2010bl) and October 17 dShaposhnikov & Kazutakdl20ld) . respec> 
tively. After a short (15 days) stay in soft states, a new tr ansition 
to the HIMS was observed jMunoz Darias et alj l2010bl) . X-ray 
dips with a recurrent period of 2.41 hours have been detected 
in MAXI J 1659- 152, pointing to a high orbital inclination and 
suggesting that MAXI J 1659- 152 is the black hole binary with the 
shortest orbital period dKuulkers et al.|[20 1 Obi : iBelloni et al.f 20 10c; 
iKuulkers etal] 1201 lh . Here, we study in detail the evolution of 
the spectral and timing properties of the source along the 2010 
outburst until observations were interrupted due to Sun constraints. 
We focus on the evolution of the variability during the hard-to-soft 
and soft-to-hard transitions and how it is related to the relative 
contribution of the various components present in the energy 
spectra. 



2 OBSERVATIONS 

We analyse 65 RXTE observations of MAXI J1659-152 performed 
within September 28, 2010 and November 11, 2010. 
The variability study presented in this paper is based on data from 
the Proportional Counter Array (PC A). For some observations the 
mode GoodXenonl_2s was used but most of the data are in the 
mode E_125us_64M_0_ls, which covers the PCA effective energy 
range (2-60 keV) with 64 bands. Power density spectra (PDS) for 
e ach observation were computed following the procedure outlined 
in lBellonietal.ld2006h . We used stretches 16 s long and PCA chan- 
nels 0-35 (2-15 keV). 

The PCA Standard 2 mode (STD2) was used for the spectral 
analysis. It covers the 2-60 keV energy range with 129 channels. 
From the data, we extracted hardness (h), defined as the ratio of 
counts in STD2 channels 11-20 (6.1-10.2 keV) and 4-10 (3.3-6.1 
keV). Energy spectra from the PCA (background and dead-time 
corrected) were extracted for each observation using the standard 
RXTE software within HEASOFT V. 6.7. For the spectral fitting, 
Proportional Counter Unit 2 was solely used. In order to account 
for residual uncertainties in the instrument calibration a systematic 
error of 0.6% was added to the spectr^B 



1 See http://www.universe.nasa.gov/xrays/programs/rxte/pca/doc/rmf/pcarmf- 
for a detailed discussion on the PCA calibration issues. 
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Figure 2. Rms-intensity diagram obtained following Mun oz-Darias et al] 
1201 ll) . Each point corresponds to an entire observation. A solid line joins 
consecutive observations starting from observation #1 (big, open circle). 
Stars correspond to observations with a type-B QPO in the PDS. Dotted 
lines represent the 1, 5, 10, 20 and 30 per cent fractional rms levels. 



3 ANALYSIS AND RESULTS 

We computed the fundamental diagrams commonly used for the 
study of BHT and performed fits to the energy spectra and PDS. 
The QPOs present in the PDS have been classified following 
ICasellaetalld2005l) . Finally, we have also measured time-lags be- 
tween soft and hard variability for the only observation long enough 
to perform this analysis. 



3.1 Fundamental diagrams 

As a first step of the analysis, we computed the hardness-intensity 
and the hardness-rms diagrams (HID and HRD), which are pre- 
sented in the upper and middle panels of Fig[TJ respectively. The 
fractional rm s was computed within th e frequency band 0.1-64 
Hz following Belloni & Hasingei] dl99fj|) . We have also computed 
the rms-intensity diagram (RID) presented in Fig. [2] following 
Mun oz-Darias et ai] d201lh . Rms values obtained by using a soft 
(2-6 keV) and a hard (6-15 keV) band are shown in the upper 
panel of Fig.|3]as open and filled circles, respectively. The compar- 
ison between the rms observed in these two bands is effectively a 
rms spectrum of two energy bins. This is enough to get a reliable 
estimation of the energy spectrum of the variability even when 
the count rate is low. The latter results in large error bars if using 
narrow energy bands. This method allows us to infer whether the 
rms spectrum is flat, hard or inverted (i.e. more variability at low 
energies) for each observation. For a more detailed comparison, 
we show in Fig.|4]three rms spectra corresponding to observations 
taken along the hard-to-soft transition. They are obtained using 
six energy bands and give results consistent with those that can be 
extracted from the upper panel of Fig. [3] 

The source describes in the HID the standard q-shaped pat- 
tern moving from observation #1 (open, big circle in Fig.Q] in the 
counter clockwise direction. However, the initia l flux rise was no t 
observed by RXTE and, as pointed out bv lKalamkar et alj d20ld) . 
1 Utile first RXTE observation already correspond to the HIMS. This 
is confirmed by the fact that no hard line (i.e. sharp, linear rms-flux 
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Figure 1. Upper panel: hardness-intensity diagram obtained using all the RXTE observations available. Intensity correspond to the count rate within the 
STD2 channels 0-31 (2-15 keV) and hardness is defined as the ratio of counts in 11-20 (6.1-10.2 keV) and 4-10 (3.3-6.1 keV) STD2 channels. Each point 
corresponds to an entire observation. Observations with a star correspond to those with a type-B QPO in the PDS. Solid line joins consecutive observations 
starting from observation #1 (big, open circle). Observations taken after the last type-B QPO are joined by a dotted line. Dashed lines delimit the range 
in hardness where these oscillation are detected. Middle panel: corresponding hardness-rms diagram within the 0.1-64 Hz frequency band. Lower panel: 
corresponding power-law (open triangles) and disc (open diamonds) relative contributions to the observed count rate (see Sect. l3.2t . 



relation; IMunoz-Darias et al1l201ll) is observed in the RID. After 
~ 16 days in the HIMS, where the count rate peak is observed, 
type-B QPOs are seen in the PDS, indicating the system is in the 
SIMS. Once this state is reached, fast transitions are observed be- 
tween the SIMS and the HSS. A hard excursion to the HIMS be- 
tween two soft excursions is observed. After an important decrease 
in count rate the system reaches the softest (observed) point of the 
outburst and a soft-to-hard transition is seen. The following can be 
outlined after a detailed study of the fundamental diagrams: 

• The rms decreases monotonically during the first HIMS ob- 
servations. The corresponding PDS show strong type-C QPOs typ- 
ical of this state. As usually observed in BHT, a fast decrease in 
rms is observed during the transition between the HIMS and the 
SIMS. All the type-B QPOs are observed within h ~ 0.40-0.37 
(see dashed lines in Fig. [TJ and a minimum in rms is observed 
at h ~ 0.35. From that point, rms increases with softening. This 
trend is not observed during the second soft excursion and the soft- 
to-hard transition (dotted line in Fig. [T}, but a constant rms ~ 8% 
value is seen until the system reaches again the HIMS. As far as 
we know, this clear break in the hardness-rms relation widely ob- 
served in BHT has not been reported before (however see discus- 
sion in Sect. |4j. The above behaviour is present in both, soft and 
hard energy bands (Fig. |3}, but it is much more prominent in the 
hard channels. 

• During the first observation, the rms shows an almost flat en- 
ergy spectrum (see upper panel in Fig. |4), consistent with what is 
observed in early HIMS observations in other systems (see e.g., 



Gierlinski & Zdziarski 2005). Less variability is observed in the 
soft band as the system gets soft, but in contrast w ith what is usu- 
ally observed (see e.g., Mufioz-Darias et al]|201ll for the case of 
GX 339-4), the hard rms slightly increases during the HIMS (mid- 
dle panel in Fig. [4j, The rms drops abruptly from the last HIMS 
observation to the softer SIMS observations. In the hard band, rms 
fades from ~ 20% to 4% within the narrow range of hardness 
where type-B QPOs are observed (dotted lines in Fig.Q]and Fig.[3}. 
The rms minimum at h ~ 0.35 is observed in both hard and soft 
bands, being the rms spectra flat again (see upper panel in Fig.|3]and 
lower panel in Fig.[4). Between h ~ 0.25-0.35 we see again much 
more variability at high energies (upper panel in Fig. |3). Hard rms 
spectra are observed during the soft-to-hard transition until they be- 
come flat or slightly inverted. This behaviour is typical o f the LHS 
dGierlihski & Zdziarskill2005l; IMunoz-Darias et al.|[2010b and it is 
observed in the last four RXTE observations. 

• No hard line is observed in the RID (Fig. [2}- The adjacent hard 
line seems to be obeyed by the last four RXTE observations, when 
a flat/inverted rms spectrum are observed, confirming that they cor- 
respond to the LHS. We note that this HIMS-LHS transition, which 
is not obvious when looking at the HID, is sharply marked in the 
RID. As seen in GX 339-4, type-B QPOs are localized in the ~ 5- 
10% region of the RID. This 10% line seems to divide precisely 
HIMS and SIMS observations; as an example, observation 95108- 
01-21-00 with a very late HIMS PDS (low coherent Type C QPO) 
has a rms of 11%. The ~ 5% border is not so sharp, especially at 
count rates <J 350 cts s _1 where some observations without a type 
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Figure 3. Upper panel: hardness-rms diagrams obtained by using soft (STD2 0-9; 2-6 keV) and hard (STD2 10-31; 6-15 keV) energy bands for computing 
rms, respectively. Dotted and dashed lines represent the same as in Fig[T] Middle and lower panels: power-law (open triangles) and disc (open diamonds) 
contribution to the observed count rate within the above bands. 



B QPO cross this line. This is due to (i) fast transitions between the 
HSS and SIMS in the region a round ~ 350 cts s -1 , whic h results 
in hybrid observations (see also Muno z-Darias et al .1201 ll) . and (ii) 
the already mentioned break of the usual hardness-rms correlation 
during the two soft excursions observed. This results in HSS ob- 
servations with rms 5% and around ~ 15% in the hard band. 
Indeed, a clear soft branch (rms ~ 1-5 per cent) is not present in 
the RID. 

Finally we show the RXTE light-curve (2-15 keV) during the out- 
burst in Fig. [5] SIMS and HSS epochs have been marked with light 
and dark grey bands, respectively. The thick solid line represents 
the transition to the LHS. 

3.2 Spectral evolution 

We have performed a spectral fitting of the 65 observations anal- 
ysed in this paper. Energy spectra have been fitted within the band 
~ 4-22 keV, where RXTE/PCU offers its maximum thro ughput 
and spectral calibration is reliable (see e.g., |jahodaetal.ll2006h . 
We have used XSPEC V 11.3.2. Given the multitude of spectral 
models available, we tested several ones in a first approach. This 
m ethod has been alre ady adopte d for other source s (e.g., GX 339- 
4, lNowaketalj2002l ; Cyg X-l. lWilms etai]|2006|) . 
We started with models of one single component, either a cutoff 
power law or a multicolor disk blackbody. Neither of them could 
fit the spectra. In order to obtain good fits and acceptable parame- 
ters, a model consisting of a simple power-law plus a multi-color 
disk-blackbody component was used. No high energy cut-off asso- 
ciated to the powerlaw component was needed for any of the ob- 
servations, as expected from the energy range considered (^22 



keV; e.g.. iMotta etal] 120091 . iMivakawa et alj|2008h . A Gaussian 
emission line with a centroid constrained between 6.4 and 6.8 keV 
was also needed. A hydrogen column density was used (wabs in 
XSPEC), wi th Nh frozen to 3 x 10 21 cm~ 2 , the value derived from 
Swift/XRT jKenneaetal]|20ld) . The addition of an iron edge did 
not significantly improve the fits. No evident residuals due to re- 
flection features were evident apart from the iron line, thus no 
additional reflection component was needed to describe the data. 
In a second step, we tried to fit the spectra using more sophisti- 
cated Comptonization models (comptt, pexrav) but the result was 
not statistically better than that obtained by using the model de- 
scribed above. Using comptt and pexrav we obtain a value of the 
Xred higher than that obtained with the powerlaw+diskbb model. 
We conclude that a empirical simple model constituted by a pow- 
erlaw+diskbb is sufficient to describe the data. In Fig.|6]we present 
the evolution of the main spectral parameters along the outburst 
evolution. Our results are consistent with a constant inner disc ra- 
diufl around ~ 40 km (assuming an orbital inclination of 70 de- 
grees), showing a possible decrease at the end of the outburst. We 
find an inner disc temperature in the range 0.6-0.9 keV, consis- 
tent w ith the values usually observed in BHT (see e.g., Mo tta et all 
l2009h . 

The photon index of the power-law component increases from 
~ 1.9 during the first HIMS observation to ~ 2.3 during the soft 
states. This value is lower than those usually observed in BHT dur- 
ing soft states. The photon index decreases again during the final 

2 The normalization for the diskbb component is defined as 
( o/i0fcpe ) 2cos ®' where R^ n is the inner disc radius (km), D is the dis- 
tance to the source (kpc) and is the inclination angle of the disk. 
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soft- to-hard transition where values around ~ 1.7 are reached dur- 
ing the LHS observations. The main spectral parameters obtained 
for each of the observation are shown in Tab.Q] From this table (see 
also Fig.(6]( it is clear that our constraints on the disc parameters are 
sometimes poor. This is expected since by using PCA data we are 
only able to see the high energy part of the disc black body com- 
ponent above the Wien peak. It is also known that, even if the the 
diskbb model provides a good description of the thermal compo- 
nent, the deriv ed spectral parameters should no t be interpreted lit- 
erally (see e.g. R emillard & McC lintock 2006). However, we note 
that this thermal component is clearly present in the data and well 
described by the model we use. Hereafter we focus on the contri- 
bution of this thermal component to the total flux rather than in the 
evolution of single disc parameters to which our study is less sen- 
sitive. 

The fractional contribution to the observed count-rate associated 
with the disc and the power-law component are shown in the lower 
panel of Fig.Q](2-15 keV), and in the middle and lower panels of 
Fig. E] (2-6 keV and 6-15 keV). The following is noted by compar- 
ing these results with the hardness and rms evolution: 

• During the LHS and the HIMS (h > 0.4; see Fig.Q} the rms is 
well correlated with the power-law contribution to the total count- 
rate and anti-correlated with the disc contribution. The fact that 
within 0.41 ^ h ^ 0.58 we see a higher rms during the hard- 
to-soft transition than during the soft-to-hard (dotted line) can be 
also explained in terms of power-law contribution to the observed 
count rate. The same conclusion can be extracted from Fig.|3]when 
the soft (2-6 keV) and hard bands (6-15 keV) are considered. 

• During the SIMS (0.37 < h ^ 0.40) the situation is different. 
The rms decreases drastically, much faster than power-law contri- 
bution decreases. This becomes even more evident when we look 
at the hard band in Fig. [3] which is clearly power-law dominated. 
There is no observation within this hardness band during the soft- 
to-hard transition, but if we consider the closest two observations 
at both sides of the SIMS it seems probable that during this back 
transition there is more variability and less power-law contribution 
than during the hard-to-soft transition. 

• In the HSS (h < 0.37) the behaviour is complex. During the 
first soft excursion, when count-rate is above ~ 300, the rms in- 
creases with softening, i.e. with disc contribution. However from 
Fig. E] it is clear that in the hard band (power-law dominated) the 
rms is larger than in the soft band (disc dominated) with the excep- 
tion of the points very close to the SIMS, where energy spectrum of 
the rms is flat. During the second soft excursion (count-rate lower 
than ~ 300) the rms is constant and higher than that observed in 
the first soft excursion, especially in the points close to the SIMS. 
The power-law contribution slightly increases as compared to the 
previous soft excursion and there is much more variability in the 
hard band than in the soft band. By comparing the two soft excur- 
sions it is clear that we see very different variability levels in cor- 
respondence with rather similar power-law and disc relative contri- 
butions. We note that this second soft excursion at lower count rate 
and higher rms occurs right after the last type-B QPO is observed. 

Using the results from the spectral fits we computed the abso- 
lute count-rates associated with the disc and the power-law (2-15 
keV). We have over-plotted them in Fig. [5] Only during the HSS 
epochs (dark grey bands) the disc dominates the observed count- 
rate. As seen in other systems the disc is not observed within the 
XTE/PCU band a t the beginning and at the end of the outburst (e.g., 
iMotta et al.ll2009l) . 

We also note that all the wiggles present in the light-curve are ob- 



Day 2, obs: #1 
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Figure 4. Rms spectra calculated for STD2 channels 0-6 (2—4.5 keV), 7- 
9 (4.5-5.7 keV), 10-13 (5.7-7.3 keV), 14-17 (7.3-9 keV), 18-23 (9-11.4 
keV) and 24-31 (11.4-14.8 keV). They cover gradually the behaviour ob- 
served during the hard-to-soft transition within the first 49 observations. To 
corresponds to MJD 55465. 




TIME (days) 

Figure 5. Light-curve of the system along the outburst within the band 2-15 
keV (STD2 0-31). Count rates associated with the disc and power-law com- 
ponents are shown as open diamonds and open triangles, respectively. SIMS 
epochs are coloured in light grey, whereas the dark grey regions correspond 
to the HSS. T corresponds to MJD 55465. 



served in both components until the system reaches the HSS for the 
first time. From that point onwards (day ~ 21), the count-rate as- 
sociated with the disc decreases monotonically, probably following 
the accretion rate, and the wiggles observed in the light-curve are 
solely caused by variations in the power-law count rate. 



3.3 Quasi periodic oscillations 

Together with the timing analysis on the evolution of the rms along 
the outburst and its energy dependence, we have also studied the 
evolution of the main QPO properties. In table [2] we present the 
fits for the 43 PDS in which Type-C QPOs were observed and the 
9 PDS with a type-B QPO. Only in one observation (95118-01- 
06-00) we see a possible type-A QPO, although its significance is 
low and we will not consider it in our analysis. PDS fitting was 
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Figure 6. Evolution of the hardness and the main spectral parameters during 
the outburst. R corresponds to the inner disc radius and T to its tempera- 
ture. SIMS epochs are coloured in light grey, whereas the dark grey regions 
correspond to the HSS. Tq corresponds to MJD 55465. 



carried out with the standard XSPEC fitting package by using a one- 
to- one energy-frequenc y conversion and a unit response. Follow- 
ing HeiionfetaD ilOOA we fitted the noise components with three 
Lorentzians, one zero-centred and other two centred at a few Hz. 
The QPOs were fitted with one Lorentzian each, only occasionally 
needing the addition of a Gaussian component to better approxi- 
mate the shape of the narrow peaks and to reach values of reduced 
X 2 close to 1. The behaviour of both Type-B a nd Type-C Q POs is 
similar to that observed in other BHT (see e.g.. iBellonfefJ 1 Of) . We 
see the type-C frequency increasing with hardness, whereas type-B 
are always observed within the frequency range ~ 2-A Hz. 
Following lCasella et alj J2004I) and Motta et al. (201 1 in prep.) we 
have plotted total rms as a function of the QPO frequency (Fig.[7]l. 
As it was found in those works, Type-C QPOs follow a clear neg- 
ative correlation. This correlation seems to saturate around ~ 7.5 
Hz. Interestingly, if we only consider the Type-C QPOs observed 
during the soft-to-hard transition (open circles in Fig. |7) a slightly 
higher slope is observed in the correlation. 

Type-B QPOs are unequivocally separated from Type-C using the 
rms-frequency representation and they are solely observed when 
the rms is ^ 10 per cent. 



3.4 Time-lags 

Time-lags between soft and hard variability were computed for the 
first observation (95358 -01-02-00), the only one long enough for 
this purpose. Following [Pottschmidt et al. (2000) we used the en- 
ergy ranges ~ 2-4 keV and ~ 8-13 keV for the soft and hard bands. 
They corresponds to the STD2 channels 0-5 and 15-27, respec- 
tively. Fast Fourier transforms of each band were computed and 
cross spectra produced. A positive lag means hard variability lag- 
ging soft variability. The obtained time-lags (At) as a function of 
frequency (v) are shown in Fig. [8] (black circles). As observed in 
previous works, the time-lag decreases with frequency within the 
0.1-10 Hz band to which we are sensitive. iPottschmidt et al.1 (2000) 
noted that in Cyg X- 1 the time-lags were larger during the transi- 
tion between hard and soft states as compared to those observed in 
the canonical states. The system was in the HIMS during observa- 
tion #1 and in agreement with the above work the lags we measure 



Figure 7. Total fractional rms (0.1-64 Hz) as a function of the QPO fre- 
quency. Type-C observed during the hard-to-soft and soft-to-hard transi- 
tions are marked with a filled and an open circle, respectively. Open tri- 
angles correspond to Type-B QPOs, which do not follow the correlation 
observed for the type-C and are solely observed when the rms is ^ 10 per 
cent (dotted line). 




FREQUENCY (Hz) 

Figure 8. Top panel: time-lag vs. frequency for MAXI J1659-152 (black 
circles). For GX 339-4 we over-plot the time-lags we find during the LHS 
observation we have analysed (open diamonds) and two HIMS observations 
at the same hardness (open triangles) and same fracional rms (open circles). 
The dashed line shows the relation At = 0.009 X v~ - 7 consistent with 
what is observed during the LHS. The dotted line shows the relation At = 
0.02 X v~ 0i 7 , which seems more appropriate for HIMS observations. 



are larger than those typically observed in BHT during LHS. For 
a direct comparison we have computed time-lags for a LHS ob- 
servation (diamonds in Fig[8} and two HIMS observations at the 
same hardness (triangles in Fig|8j and same fractional rms (open 
circles in Fig[8} corresponding to the 2007 outburst of GX 339-4. 
Whereas the time-lags corresponding to the LHS observation fol- 
lows the relation At ~ 0.009 x v~ 7 (dashed line in Fig[8j, con- 
siste nt with the one observed in other systems during that state (see 
e.g.. lMunoz-Darias et alJboid for Cyg X-l and XTE1752-223) a 
normalization at least two times bigger (~ 0.02; dashed line in 
Fig[8} is needed to account for the time-lags observed in MAXI 
J 1659- 152. We note that deviations from the power-law seems to 
be present at low frequencies. 
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4 DISCUSSION 

The evolution of MAXI J 1659- 152 during its 2010 outburst is 
consistent with that usually observed in black hole transients. The 
hardness-intensity, rms-hardness and rms-intensity diagrams are 
rather typical, with a hard-to-soft transition, a flux decay during 
a soft (accretion disc dominated) state and a final soft-to-hard 
transition toward the quiescence. Variability is in general correlated 
with hardness. Its energy spectrum is hard during the HIMS and 
the HSS and flat during the LHS. 

If we compare the hardness values with those observed in other 
systems, we see that MAXI 11659-152 has a rather hard spectrum. 
This is clear when looking at the spectral parameters that we 
obtain from the black-body disc + power-law model that fits its 
energy spectrum. Whereas the disc parameters are within the 
standard range for a black hole, the power-law index is never 
higher than ~ 2.3 . This can be understood in terms of the high 
orbital inclination needed to explain the di ps observed in the 
light-curve of the system. As discussed in iMotta et"al] ( feOlOh 
for the case of the 2009 ourburst of H 1743-322, assuming that 
the power-law is arising from a spherical corona and the thermal 
emission from a thin disc, a hard outburst could be observed in 
high inclination systems. However, we note that the same system 
can reach different so ftening levels (e.g., H1743-322 see also 
McClintock et al. 2009) during different outburst. This shows that 
other factors, probably related with the available accreting fuel, 
should play a role. 

The rms values observed during some stages of the outburst are 
similar to those observed in other systems. We see rms close to 
~ 30 per cent in the LHS, rms > 10 per cent in the HIMS and 
5% ^ rms ^ 10% in the SIMS. In the HSS we see rms higher than 
usual, the minimun being ~ 3 per cent. In the softest observation 
rms is ~ 8 per cent, much higher than usually observed in BHT 
Assuming that much less variability is coming from the disc than 
from the power-law, a high orbital inclination could in principle 
explain this behaviour values since we observe less disc photons 
diluting power-law variability. 

Many of the observed rms values could be explained by solely 
assuming that the power-law component accounts for the observed 
variability whereas disc emission varies very little and dilutes 
power-law variability. Assuming that disc emission does not vary 
more than the minimum observed rms (~ 3 per cent) we can 
roughly recover the rms values we see in the hard states by cor- 
recting from the relative contribution of each c omponent along the 
HIMS . A similar behaviour was reported by Ishaposhnikov et aTl 
during the hard-to-soft transition in the BH candidate XTE 
11752-223. As discussed by these authors, this can be understood 
in terms of variability arising from the Comptonization corona 
which dominates the LHS, whereas a more stable disc emission 
starts to contribute significantly to the soft emission during the 
transition. We note that both a recessing corona resulting in a 
progressive exposing of the innermost region of the accretion flow, 
and a truncated disk with an inner radius moving inwards during 
the transition are able to explain the observations. 
Variability fades dramatically during the SIMS. Fig. |3]shows that 
this is the result of a much less variable power-law emission. We 
see a jump in the hard rms (6-15 keV), which drops from ~ 20 
to ~ 7 per cent whereas the contribution of the power-law to the 
total count rate decreases just a little in a monotonic way. This is 
only observed during the hard-to-soft transition. During the back 
transition to quiescence the variability level seems much higher 
even if the power-law contribution is lower. We note that when 



BHTs cross the SIMS during the hard-to-soft transit ions at high 
flu x, relativistic jet eje ctions are observed (see e.g. lFendej|2006l 
and Fender et al . 2009). As far as we know they have not been seen 
during the soft-to-hard transition. Thus, the fact that the physical 
mechanism responsible for power-law variability is removed could 
be related to the jet ejection. This can be explained if the variability 
is produced on the base of the jet, since compact radio emission 
is observed in BHT during the LHS and the HIMS. However, jet 
emission should not be present in the HSS, when we clearly see 
power-law variability. More than one variability component is 
needed for that model to work. 

The evolution of the rms during the HSS is at odds with what is 
usually observed. In the HRD we see fractional rms increasing 
with softening at high count rate (first soft excursion) and hardness 
independent rms at lower fluxes (second soft excursion). The 
minimum in rms is observed close to the SIMS, and power-law 
and disc variabilities are consistent with ~ 3 per cent fractional 
rms. Thus, the ~ 20-25 per cent power-law variability observed 
at the end of the HIMS almost disappear after crossing the 
SIMS. This cannot be explained in terms of an increase of the 
disc contribution. Indeed, the RID shows that absolute (i.e. non 
fractional) rms fades dramatically from the HIMS to the HSS. 
Power-law variability is recovered when the system softens and 
especially when the total count rate drops after the last type-B 
QPO i s observed. If we associate type-B QPOs with jet ejections 
(e.g JSoleri et al.ll2008HFender et al.ll2009h . we see rms increasing 
when the system abandons the region where t hey are observed and 
when the type-B/jet mechanism is suppressed. iBelloni et "aI U2005h 
observed a similar be haviour during the hard-to-soft transition in 
GX 339-4 (see also iFender eta!] |2009| for XTE 11859+226 and 
XTE J1550-564). They find similar (2-3%) variability levels in 
observations showing type-A QPOs, which have hardness values 
softer but close to those observed in type-B observations. The rms 
rises for a while after the observations with a type-A and fades 
again during the softest observations. GX 339-4 crosses the same 
region with higher rms during the soft-hard-transition. In MAXI 
11659-152 we see a possible type-A QPO only in one observation, 
although its significance is low and it is observed in one of the 
softest observations (i.e. with higher rms). However, statistics are 
much lower in this case than for GX 339-4 and it could be the 
case that we are not sensitive enough to detect those type-A or 
that they are not present for other reasons. Assuming that these 
low rms observations of MAXI J1659-152 after the type-B region 
correspond to those with type-A in GX 339-4, the behaviour of 
the two sources is similar with the exception of the final softening 
and variability de crease observed in GX 339-4 (see Fig. 10 in 
IBelloni et al]|2005h . The latter can be explained by the fact that a 
strong disc dominated soft state is missing in MAXI 11659-152. As 
discussed above, this can be understood in terms of the high orbital 
inclination of the system. In addition or alternatively to this, we 
should take into account that the orbital period p roposed for this 
system jKuulkers et alJI 201 Obi ; IBelloni et alj|2010ch is much sorter 
than the one of GX 339-4. This should favour a shorter outburst (as 
observed) and it could have also an effect on the properties of the 
steady optically thick accretion flow expected to dominate during 
soft states. 

Only type-C and type-B QPOs are observed in MAXI J 1659- 152 . 
Apart from their intrinsic differences noted in ICasellaet all d2005l> . 
they are clearly separated using a frequency-fractional rms repre- 
sentation. Whereas type-C follow a clear correlation, type-B are 
clearly outside this correlation, showing a roughly co nstant rms as 
function of the frequency. This has been observed by Casel la et al.l 
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(2004) and Motta et al. (2011 in prep.) for the cases of XTE 
J 1 859+226 and GX 339-4, respectively. 

Jet ej ections are known to be connected to flux peaks (Te nder et alJ 
20041) and to HIMS/SIMS transitions (i.e. type-B OPOs lSoleri et all 
20081 : iFender et ail [2009). There are known exceptions, as the 
case of the strong X-ray flux peak of the 1998/1999 outburst of 
XTE J1550-564, where a jet ejection ~4 days after the peak was 
observed before the transition to the soft states (Hannikain en et al.l 
l200ll : ICorbel et al.ll2002l) . In MAXI J 1659- 152, type-B QPOs are 
found in correspondence with local count rate peaks (see light 
grey bands in Fig. [5j, especially at high fluxes. However, the 
absolute count rate peak is observed before the transition to the 
SIMS (Fig. O a nd from that point radio emission is observed to 
quench ( Ivan derHorstet ai]|2010bl) . No QPO is observed in that 
observation (either type-B or C) and the rms is that expected for 
the HIMS. Similar behaviour is seen in the already mentioned 
very bright observation of XTE J1550-564, although weak QPOs 
are present in this case. We expect that multi-wavelength studies 
performed during this outburst of MAXI J1659-152 will be able 
to discuss our results in light of the detection or non-detection of 
relativistic jet emission during the observed X-ray count rate peaks. 
A possible scenario in which both, jet ejections and HIMS/SIMS 
transitions are related to flux peaks but not between each others 
cannot be ruled out. 

It is also remarkable that once the system reaches the HSS all the 
wiggles and flux peaks present in the light-curve seem related to 
variations in the power-law emission whereas the disc emission 
decreases monotonically. This is not observed before the first HSS 
observation and it is probably connected with the formation of 
a steady accretion disc during the HSS. Our study suggests that 
all the scatter usually observed during HSS in the ha rd-intensity 
diagr ams and rms-intensity diagrams of BHT (see e.g., |Punn et al.l 
120101) is due to a change in the relative contribution of the 
power-law, whereas disc emission drops monotonically probably 
following the accretion rate decrease. 

We have measured time-lags between soft and hard emission 
finding a similar frequency dependence time-lag dist ribution than 
that already observed in other BHT during hard states (jNowak et al.l 
ll999bl : |Pottschmidt et alj200d : lMunoz-Darias et al.l20ld) . The ob- 
servation in which it was possible to perform this study belongs to 
the HIMS, and by comparing with the case of GX 339-4 we ob- 
tain re sults in agreement with those reported by Pottschmi dt et al.l 
(2000) in Cyg X-l. In the hard- to-soft transition lags are higher 
th an in the LHS. As d iscussed in the above works and extensively 
in lNowak et alJ (fl999). both the time-lags measured in several sys- 
tems and the observed time-lag evolution cannot be explained by 
purely Comptonization models, and alternati ve scenarios (see e.g., 
iKazanas et alJl997l ; lKording & Falckell 20041) should be further ex- 
plored. 

Finally, we note that by the time we submitted the last revised ver- 
sion of this manuscript another paper based on R XTE analysis on 
the sa me source has been accepted for publication (Kalamkar et al. 
Honl). It is focussed on identifying the black hole nature of the 
source and according to arXiv was submitted about the same date 
than this work. 



5 CONCLUSIONS 

We have performed an X-ray spectral and timing analysis of the 
black hole candidate MAXI J 1659- 152 during its first observed 



outburst. The outburst evolution of the system is similar to that 
previously observed in other black hole candidates, although it 
presents clear peculiarities especially in what regards to the evo- 
lution of the fast variability and its energy dependence. We have 
discussed this behaviour on the basis of the spectral decomposi- 
tion we have performed. Complementary results obtained through 
multi-wavelengths campaigns of the present and forthcoming out- 
bursts of this source will result in a deeper understanding of the be- 
haviour observed in this source and of the accretion process taken 
place in black hole binaries. 
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Table 1: Spectral parameters derived from the best fit for each observation. A 
model consisting of a power-law, a multi-color disk-blackbody and a Gaussian 
emission line with a centroid constrained between 6.4 and 6.8 keV was used. 
Fluxes (erg s _1 cm~ 2 ) are computed within the band 4-22 keV. 



Obs. Num. 


MJD 


Obs. ID 


Xred 


kT (keV) 


R(km) 


r 


Disc flux 


Powerlaw flux 


1 


55467.0 


95358-01-02-00 


0.66 


— 




1 


— U . U 1 


0.00E+00 


4.87E-09 


2 


55468.1 


95358-01-02-01 


1.57 


4fl +2 - 55 

U.1U_g 4 Q 


15l 6 79 


2 


09+°°; 

— u . u 1 


5.28E-12 


4.26E-09 


3 


55469.1 


95358-01-02-02 


0.61 


o.7itg-3 


63+ 2 f 


2 


ic+o.oi 

— 0.02 


7.50E-11 


4.72E-09 


4 


55470.0 


95108-01-01-00 


1.01 


o.82i°:» 


50l 3 ° 2 3 


2 




7.12E-11 


4.29E-09 


5 


55470.2 


95358-01-03-00 


0.82 


0.59±°i| 


32±S 


2 


16+om 

— U.U1 


6.73E-11 


4.62E-09 


6 


55470.5 


95108-01-02-00 


0.84 


o.6it2:S 


4D±% 


2 


i4+°' ( ( ;i 


5.18E-11 


4.78E-09 


7 


55471.1 


95358-01-03-01 


0.60 


0.72+ / 20 


49+i? 


2 


19 + 002 

— U.Uz 


8.99E-11 


3.97E-09 


8 


55471.5 


95108-01-03-00 


1.08 


0.68t° : 2 




2 


I8+H2 

— U.Uz 


9.28E-11 


4.29E-09 


9 


55471.8 


95108-01-04-00 


1.03 


0.671°" 


48l 2 ^ 


2 


17+°-° 2 


1.18E-10 


4.42E-09 


10 


55472.1 


95108-01-05-00 


0.84 


0.681°,^ 


37+f 


2 


ao+oTa 


1.18E-10 


4.20E-09 


11 


55472.2 


95358-01-03-02 


1.05 


7S+ - 04 


40l 9 


2 


26±g'gi 


1.96E-10 


4.20E-09 


12 


55472.5 


95108-01-06-00 


0.49 


0.76t° : g? 


43+ 28 


2 


0^+0.02 


2.90E-10 


4.34E-09 


13 


55472.9 


95108-01-07-00 


0.81 


0.80t°;i° 


53±?| 


2 


2^+0.02 


2.60E-10 


4.40E-09 


14 


55473.1 


95108-01-08-00 


0.92 


n 7 y+0.07 
u - ' ' -0.09 


401 19 


2 


3 4 +o.'ol 


2.86E-10 


4.12E-09 


15 


55473.5 


95108-01-09-00 


0.82 


7S+ 09 

' °-0.09 


07+16 

"'-10 


2 


31+° : ° 2 


2.84E-10 


4.35E-09 


16 


55473.7 


95108-01-10-00 


0.90 


0.79i°;° 8 o 


38+* 9 


2 


33+g : g 3 3 


2.94E-10 


4.00E-09 


17 


55474.6 


95108-01-11-00 


0.63 


0.8ll°; ° 


43l^ 7 


2 


27+Ha 


2.93E-10 


4.09E-09 


18 


55474.8 


95108-01-12-00 


1.00 


0.79lS:S 


34+^ 4 


2 


30+°'° 2 

— U.U1 


2.59E-10 


3.88E-09 


19 


55475.4 


95108-01-13-00 


0.59 


0.83t°^ 


39ll 3 o 


2 


33+H3 


4.65E-10 


3.91E-09 


20 


55475.8 


95108-01-14-00 


0.58 


0.83i°°o 8 7 


39+* 6 


2 


30+°° 3 3 

— U.Ud 


2.99E-10 


3.86E-09 


21 


55476.1 


95108-01-15-00 


0.91 


o.8i±°:i| 


3811 1 


2 


26+0 02 

— U.Uz 


3.44E-10 


3.82E-09 


22 


55476.4 


95108-01-16-00 


0.60 


0.85t°°J 


42+ 6 8 


2 


31+002 


4.75E-10 


4.00E-09 


23 


55476.7 


95108-01-17-00 


0.85 


qo+° 04 


39+* 4 


2 


31±°;°| 


6.82E-10 


4.15E-09 


24 


55477.0 


95108-01-18-00 


1.31 


90+ 06 

u - yu -0.09 


3711 


2 


30 n n /i 
— U.U4 


8.33E-10 


4.64E-09 


25 


55477.0 


95108-01-18-01 


0.91 


n qi+0-09 


36l 6 3 


2 


o n +0.04 
ou 04 


7.71E-10 


4.37E-09 


26 


55477.7 


95108-01-19-00 


0.97 


0-911^5 


3711 


2 


2^+o!o3 


7.14E-10 


4.27E-09 


27 


55478.0 


95108-01-20-00 


1.05 


0.88±°;g| 


42l« 


2 


90+0.02 

— U.Ud 


5.25E-10 


3.73E-09 


28 


55478.5 


95108-01-21-00 


0.92 


0.92+°^ 


43±lg 


2 


9O+0.03 
— U.Uz 


7.76E-10 


4.22E-09 


29 


55479.1 


95108-01-22-00 


0.66 


0-82l° : ^ 


32+i° 


2 


90+0.02 

— U.Uz 


4.39E-10 


3.62E-09 


30 


55479.7 


95108-01-23-00 


0.62 


0.78i°°6 


38 +9 7 


2 


2^+0.02 
— 0.03 


2.93E-10 


3.27E-09 


31 


55480.2 


95108-01-24-00 


0.72 


o.sstn? 


4lli° 


2 


25+0.02 

— 0.02 


4.09E-10 


3.41E-09 


32 


55480.7 


95108-01-25-00 


1.41 


n go+0.04 


37+5 


2 


25+0- 02 

— 0.01 


3.52E-10 


3.26E-09 


33 


55481.0 


95108-01-26-00 


1.30 


0.831°-^ 


35l 6 3 


2 


90+0.03 

— 0.01 


4.24E-10 


3.33E-09 


34 


55481.7 


95108-01-27-00 


0.77 


n Q4+ 03 

U.»1_o 05 


33 +L4 


2 


on+o-03 

Ol_/ n no 
— U.Uz 


9.11E-10 


3.86E-09 


35 


55482.4 


95108-01-28-00 


0.83 


0.93l°°7 
0.841°,;°! 


32l« 


2 


O2+0-03 
— 0.03 


7.35E-10 


4.21E-09 


36 


55483.9 


95108-01-30-00 


0.91 


38+ 9 


2 


22+0-03 

— 0.02 


3.36E-10 


2.94E-09 


37 


55484.2 


95118-01-01-00 


0.45 


0.89±°;g| 


421^ 


2 


2^+0.02 


4.52E-10 


3.00E-09 


38 


55484.7 


95118-01-01-01 


0.81 


0.90±S:8| 


38l 8 


2 


29+° : l 


6.97E-10 


3.59E-09 


39 


55485.1 


95118-01-02-00 


0.67 


0.881°;^ 


4711 


2 


9O+0.03 
zy — 0.03 


7.21E-10 


3.31E-09 


40 


55486.2 


95118-01-03-01 


0.59 


Q1+ 04 

u - yl -0.03 


4ll 5 2 


2 


oj+0.03 
oi -0.06 


7.50E-10 


2.38E-09 


41 


55486.8 


95118-01-03-00 


0.93 


0.84i°;°! 


461* 


2 


9 7 +0.05 
z '-0.04 


6.18E-10 


1.48E-09 


42 


55487.7 


95118-01-04-00 


0.88 




46+1° 


2 


nq+0.03 
za -0.03 


6.52E-10 


2.37E-09 


43 


55488.0 


95118-01-05-00 


1.08 


0.83tg;S 


5111 


2 


9C+0.04 
zd -0.03 


5.51E-10 


1.65E-09 


44 


55488.9 


95118-01-05-01 


0.72 


0.82i°;° 5 


40I5 


2 


21 +0.07 
Z1 -0.03 


5.27E-10 


1.38E-09 


45 


55489.3 


95118-01-06-00 


1.20 


n O-1+0.02 


43+3 


2 


90+O.O2 
zo -0.03 


5.75E-10 


1.25E-09 


46 


55489.7 


95118-01-06-01 


1.26 


0.851^4 


3511 


2 


o n +o.03 

ou -0.03 


5.25E-10 


2.27E-09 


47 


55490.1 


95118-01-07-01 


1.12 




37l 9 2 


2 


9 6 +0.03 
zo -0.04 


5.02E-10 


1.73E-09 


48 


55490.7 


95118-01-07-00 


1.33 


0-881H 4 


39+® 


2 


9C+0.01 
ZJ -0.04 


4.95E-10 


2.55E-09 


49 


55491.0 


95118-01-08-00 


0.50 


n S7+ - 02 

0-»<_ .07 


41+* 2 


2 


9-1 +0.06 
zi -0.03 


5.36E-10 


2.22E-09 


50 


55491.8 


95118-01-09-00 


0.98 


0.85tg;S 


38+* 7 


2 


99+0.02 
zz -0.04 


4.62E-10 


2.21E-09 


51 


55493.3 


95118-01-10-00 


1.78 


o.8o±8:gg 


42+ 2 


2 


9 6 +0.04 
zu -0.04 


3.47E-10 


2.37E-09 


52 


55494.2 


95118-01-11-00 


0.85 


n sq+0.05 


4011 


2 


97+0.05 
z '-0.05 


3.65E-10 


1.93E-09 


53 


55495.0 


95118-01-12-00 


0.62 


0.80±g;83 


47+ 9 


2 


90+O.O3 
Z,3 -0.05 


3.54E-10 


1.87E-09 


54 


55496.5 


95118-01-13-00 


0.86 


0.801°;°! 


49+ J B 


2 


17 +0.04 
1 ' -0.04 


3.05E-10 


1.15E-09 
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Table 1 - continued from previous page 



Obs. Num. 


MJD 


Obs. ID 


Xred 


kT (keV) 


R (km) 


r 


Disc flux 


Powerlaw flux 


55 


55497.5 


95118-01-14-00 


0.76 


u - ' ' -0.04 


47+^ 4 


2.221;; 


TJ7 — 

09 


3.30E-10 


8.43E-10 


56 


55498.5 


95118-01-15-00 


0.58 


74+ - 04 

u - '^-0.04 


42t§ 


2.17±g 


09 
07 


2.77E-10 


9.58E-10 


57 


55499.3 


95118-01-15-01 


0.57 


n 74+0.02 

U - '^-0.05 




2.18±g 


06 
05 


2.57E-10 


9.65E-10 


58 


55500.3 


95118-01-16-00 


0.77 


7^+°- 02 

u - '°-0.03 


2213 


2.16±g 


06 
05 


2.20E-10 


1.05E-09 


59 


55501.2 


95118-01-16-01 


0.87 


0.741°;°° 


q-7+138 
°'-14 


2.101°, 


05 
04 


1.13E-10 


1.36E-09 


60 


55502.0 


95118-01-17-00 


0.90 


o.78±g : gg 


o 7 +138 
°'-14 


2.031^ 


04 
04 


8.23E-11 


1.40E-09 


61 


55503.1 


95118-01-17-01 


0.99 




o 7 +138 
°'-14 


1.97±g 


03 
03 


0.00E+00 


1.39E-09 


62 


55504.1 


95118-01-18-00 


0.80 




o 7 +138 
°'-14 


1.85±g 


04 
04 


0.00E+00 


1.29E-09 


63 


55505.0 


95118-01-19-00 


1.48 




o 7 +138 


1.801°, 


02 
03 


0.00E+00 


1.25E-09 


64 


55506.2 


95118-01-20-00 


1.22 




07+138 
°'-14 


1.741° 


03 
04 


0.00E+00 


1.17E-09 


65 


55508.1 


95118-01-21-00 


0.85 




q-7+138 
3<_14 


1.72+° 


03 
03 


0.00E+00 


1.08E-09 
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Table 2: Best fit for the central peak of the QPO detected during the whole 
outburst. The noise components were fitted with three Lorentzian shapes, one 
zero-centred and other two centred at a few Hz. The QPOs were fitted with one 
Lorentzian each. Rms is the total, fractional rms (i.e. all the PDS components) 
within the band 0.1-64 Hz. 



Observation ID 


Frequency (Hz) 


Width (Hz) 


Normalization 


rms (%) 


95358 


01 


-02 


00 


3.30 ±0.04 


0.53 ±0.32 


1 ± 1 


22.3 ±0.1 


95358 


01 


-02 


01 


2.28 ±0.02 


0.38 ±0.07 


14 ±1 


22.6 ±0.2 


95358 


01 


-02 


02 


5.5 ±0.2 


0.77 ±0.61 


1.3 ±0.7 


22.2 ±0.3 


95108 


01 


-01 


00 


2.71 ±0.03 


0.32 ±0.08 


11 ±2 


22.1 ±0.3 


95358 


01 


-03 


00 


2.80 ±0.02 


0.34 ±0.05 


11.6 ± 1.2 


21.2 ±0.1 


95108 


01 


-02 


00 


5.3 ±0.1 


0.61 ±0.36 


1.0 ±0.6 


22.2 ±0.2 


95358 


01 


-03 


01 


3.18 ±0.02 


0.41 ±0.09 


11 ±2 


20.8 ±0.2 


95108 


01 


-03 


00 


3.04 ± 0.04 


0.37 ±0.15 


11 ±4 


21.1 ±0.2 


95108 


01 


-04 


00 


3.06 ±0.03 


0.34 ±0.09 


25 ±5 


21.1 ±0.2 


95108 


01 


-05 


00 


3.33 ±0.04 


0.32 ±0.16 


5±2 


20.1 ±0.4 


95358 


01 


-03 


02 


3.80 ±0.02 


0.45 ±0.07 


5.8 ±0.7 


19.8 ±0.2 


95108 


01 


-06 


00 


4.58 ±0.03 


0.50 ±0.08 


11 ± 1 


18.5 ±0.2 


95108 


01 


-07 


00 


4.41 ±0.03 


0.54 ±0.10 


18 ±2 


18.3 ±0.1 


95108 


01 


-08 


00 


4.84 ± 0.02 


0.54 ±0.07 


9.0 ±0.9 


17.9 ±0.1 


95108 


01 


-09 


00 


4.72 ± 0.04 


0.53 ±0.15 


5± 1 


17.9 ±0.2 


95108 


01 


-10 


00 


4.86 ±0.04 


0.47 ±0.14 


4.1 ±0.8 


18.1 ±0.3 


95108 


01 


-11 


00 


4.64 ± 0.03 


0.42 ±0.10 


4.9 ±0.8 


18.9 ±0.2 


95108 


01 


-12 


00 


4.78 ± 0.03 


0.57 ±0.10 


10 ± 2 


17.8 ±0.2 


95108 


01 


-13 


00 


6.13 ±0.06 


0.79 ±0.24 


2.8 ±0.6 


15.5 ±0.2 


95108 


01 


-14 


00 


5.01 ±0.05 


0.56 ±0.16 


4.2 ±1.0 


18.3 ±0.3 


95108 


01 


-15 


00 


5.10 ±0.03 


0.60 ±0.11 


3.9 ±0.4 


17.7 ±0.2 


95108 


01 


-16 


00 


6.02 ±0.04 


0.88 ±0.16 


6.6 ±0.9 


15.2 ±0.1 


95108 


01 


-17 


00 


7.01 ±0.09 


0.98 ±0.32 


3.3 ±0.8 


12.9 ±0.1 


95108 


01 


-18 


00 


7.5 ±0.3 


0.78 ± 1.28 


1 ± 1 


11.7 ±0.2 


95108 


01 


-18 


01 


7.3 ±0.2 


1.01 ±0.63 


2± 1 


12.4 ±0.2 


95108 


01 


-19 


00 


7.2 ±0.2 


0.69 ±0.55 


1.0 ±0.5 


13.1 ±0.3 


95108 


01 


-20 


00 


6.6 ±0.1 


0.79 ±0.30 


1.7 ±0.5 


14.6 ±0.3 


95108 


01 


-21 


00 


7.2 ±0.2 


1.18 ±0.74 


1.3 ±0.7 


11.0 ±0.1 


95108 


01 


-22 


00 


6.34 ±0.04 


0.63 ±0.11 


3.1 ±0.4 


14.2 ±0.1 


95108 


01 


-23 


00 


5.33 ±0.04 


0.57 ±0.12 


5.6 ±0.8 


17.4 ±0.2 


95108 


01 


-24 


00 


5.99 ±0.04 


0.69 ±0.11 


4.1 ±0.5 


15.9 ±0.1 


95108 


01 


-25 


00 


5.81 ±0.04 


0.60 ±0.13 


4.1 ±0.6 


15.5 ±0.2 


95108 


01 


-26 


00 


6.67 ±0.06 


0.81 ±0.19 


2.6 ±0.6 


14.1 ±0.1 


95108 


01 


-27 


00 


3.90 ± 0.49 


0.49 ±0.03 


2.8 ±0.1 


6.5 ±0.2 


95108 


01 


-28 


00 


4.09 ± 0.05 


0.60 ±0.13 


2.1 ±0.3 


8.4 ±0.2 


95108 


01 


-30 


00 


6.01 ±0.06 


0.56 ±0.17 


1.3 ±0.3 


15.5 ±0.3 


95118 


01 


-01 


00 


6.85 ±0.08 


0.81 ±0.23 


1.6 ±0.4 


13.3 ±0.1 


95118 


01 


-01 


01 


3.85 ±0.04 


0.53 ±0.11 


1.7 ±0.3 


6.9 ±0.4 


95118 


01 


-02 


00 


3.47 ±0.09 


1.21 ±0.28 


2.0 ±0.3 


5.1 ±0.3 


95118 


01 


-06 


00 


6.77 ±0.85 


5.12 ± 2.87 


1.5 ±0.5 


6.0 ±0.5 


95118 


01 


-07 


00 


3.30 ±0.04 


0.48 ±0.12 


1.5 ±0.3 


8.4 ±0.5 


95118 


01 


-09 


00 


2.39 ±0.23 


1.37 ±0.96 


1.4 ±0.9 


7.2 ±0.7 


95118 


01 


-10 


00 


3.55 ±0.04 


0.37 ±0.09 


2.9 ±0.5 


9.6 ±0.3 


95118 


01 


-11 


00 


1.74 ±0.39 


1.07 ± 1.39 


0.8 ±0.7 


6.6 ± 1.4 


95118 


01 


-12 


00 


2.02 ±0.12 


0.65 ±0.43 


1.4 ±0.7 


7.3 ±0.6 


95118 


01 


-16 


01 


5.97 ±0.09 


0.69 ±0.37 


1.5 ±0.6 


14.8 ±0.4 


95118 


01 


-17 


00 


4.78 ± 0.06 


0.56 ±0.18 


2.2 ±0.5 


18.9 ±0.4 


95118 


01 


-17 


01 


3.36 ±0.05 


0.47 ±0.12 


3.2 ±0.6 


23.8 ±0.4 


95118 


01 


-18 


00 


2.58 ±0.08 


0.28 ±0.15 


1.4 ±0.5 


24.4 ± 1.1 


95118 


01 


-19 


00 


2.19 ±0.03 


0.43 ±0.08 


4.2 ±0.6 


27.0 ±0.4 


95118 


01 


-20 


00 


2.04 ±0.04 


0.33 ±0.10 


3± 1 


26.3 ±0.5 


95118 


01 


-21 


00 


1.63 ±0.04 


0.52 ±0.16 


5± 1 


27.2 ±0.5 



